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ABSTRACT
The risks associated with extreme heat are increasing as heat waves become more frequent and severe
across larger areas. As people begin to experience heat waves more often and in more places, how will
individuals respond? Measuring experience with heat simply as exposure to extreme temperatures may not
fully capture how people subjectively experience those temperatures or their varied impacts on human health.
These impacts may also influence an individual’s response to heat and motivate risk-reduction behaviors. If
subjectively experiencing negative health effects from extreme heat promotes protective actions, these effects
could be used alongside temperature exposure to more accurately measure extreme heat experience and
inform risk prevention and communication strategies according to local community needs. Using a
multilevel regression model, this study analyzes georeferenced national survey data to assess whether
Americans’ exposure to extreme heat and experience with its health effects are associated with selfreported protective behaviors. Subjective experience with heat-related health symptoms strongly predicted all reported protective behaviors while measured heat exposure had a much weaker influence.
Risk perception was strongly associated with some behaviors. This study focuses particularly on the
practice of checking on family, friends, and neighbors during a heat wave, which can be carried out by many
people. For this behavior, age, race/ethnicity, gender, and income, along with subjective experience and risk
perception, were important predictors. Results suggest that the subjective experience of extreme heat
influences health-related behavioral responses and should therefore be considered when designing or
improving local heat protection plans.

1. Introduction
Heat waves are increasing in frequency, intensity, and
duration across the United States (White-Newsome
et al. 2011; Vose et al. 2017). These changes in climate
are expected to continue (Akompab et al. 2013; Vose
et al. 2017), and populations are growing in areas most
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exposed to extreme heat (Jones et al. 2015). Heat waves
are a serious environmental health hazard, but no universal definition or metric has emerged in the literature to classify these events (Smith et al. 2013). Instead,
heat waves are often defined by absolute thresholds
or relative to local climate conditions (Hawkins et al.
2017). The health effects of heat exposure vary across
and within populations because of individual factors that cannot be captured by arbitrary thresholds or
cutoffs (Kuras et al. 2017). Incorporating health outcomes into how heat experience is measured may inform
research on the complex relationship between hazard
experience and future behavior (Wachinger et al. 2013;
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Weinstein 1989). For the case of heat hazards, characterizing the subjectivity of heat-related health impacts can
improve our understanding of how heat is experienced
(Demuth et al. 2016; Palm and Hodgson 1992; Scolobig
et al. 2012; Wei et al. 2013; Weinstein 1989). The purpose
of this study is to understand how individual factors, including previous subjective experience with heat-related
health symptoms, influence Americans’ protective behaviors. We ask the following research questions:
1a) How does previous subjective experience with
heat-related health symptoms influence protective behaviors?
1b) Is there a positive relationship between heat risk
perception and protective behaviors?
2) How do these protective behaviors vary across space
and among demographic groups in the United States?
We address these questions by using nationally
representative georeferenced survey data from 2015
on self-reported heat-related health symptoms, risk
perceptions, and protective behaviors to predict five
heat-related protective behaviors with a multilevel logistic regression model. Long-term average temperatures, anomalies, and a heat wave percentile threshold
(Anderson and Bell 2011; Smith et al. 2013), as well as
other geographic characteristics were also tested as
predictors in the model. From this study, practitioners
seeking to reduce heat-related deaths can gain insight
into what factors, including experience, influence individuals to be more or less likely to implement protective behaviors during extreme heat. Results could
inform heat risk communication and prevention efforts to build resilience in vulnerable areas as more
heat events occur.

2. Background
Current research indicates that heat waves in the
United States are occurring more often, becoming more
intense, and lasting longer (Akompab et al. 2013; Vose
et al. 2017; Sampson et al. 2013; White-Newsome et al.
2011). The United States may be particularly vulnerable
to this trend because population growth is occurring
in the places most exposed to extreme heat (Jones et al.
2015). Although there is no universally accepted definition of a heat wave, it is commonly understood
that these events characterize unseasonably warm or
exceptionally high temperatures for an extended period and can cause negative health symptoms resulting
in serious illness and death (Basu and Samet 2002; Bernard
and McGeehin 2004; Harlan et al. 2014; Robinson 2001;
Sampson et al. 2013; Smith et al. 2013; Whitman et al. 1997;
Sarofim et al. 2016).
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While heat-related mortality rates can be projected
based on increased exposure under various climate
scenarios (Sarofim et al. 2016; Mora et al. 2017a), these
rates depend largely on the adaptability of a population.
Observational studies show that mortality rates are decreasing because of adaptation (Sheridan and Allen
2018; Hondula et al. 2015) but a recent study by Guo
et al. (2018) found that heat-related mortality rates in
the United States are likely to increase even when accounting for adaptation measures. Heat leads to death
in diverse ways that everyone can be susceptible to, even
the young and healthy (Mora et al. 2017b). Extreme
heat events are considered the deadliest weather-related
and natural hazard in the United States (Kalkstein and
Sheridan 2007; Borden and Cutter 2008). Conditions for
lethal heat events are expected to increase by at least
48% worldwide by the year 2100 (Mora et al. 2017a).
Clearly, there is a need to understand what promotes
and impedes people from taking protective action during extremely hot weather to prevent unnecessary loss of
life (CDC 2018; EPA 2006).

a. Contributing factors to heat risk
Several risk factors contribute to illness and death
from extreme heat, including individual as well as contextual and environmental factors. Sociodemographic
influences include age, gender, ethnicity, and socioeconomic status (Anderson and Bell 2009; Harlan et al.
2014; Klinenberg 2015; Harlan et al. 2006; Jenerette
et al. 2011). Klinenberg (2015) found that social
isolation and lack of community cohesion make certain individuals and groups more vulnerable to heat
stress regardless of other demographic characteristics.
Other factors such as acclimatization, poor cardiovascular health, poor respiratory health, and chronic
illness contribute to the onset of heat-related health
symptoms in the human body (Alberini et al. 2011;
Browning et al. 2006; Hajat and Kosatky 2010; Hajat
et al. 2010; Klinenberg 2015). Some studies also show
that more people suffer heat-related health symptoms and death during the first heat wave of the warm
season even if it is less severe than subsequent heat
events (Anderson and Bell 2009, 2011; Liss et al.
2017). Highly developed areas with little vegetation
create urban heat islands that prevent people’s ability
to cool down sufficiently at night as the heat continues
to radiate from buildings and impervious surfaces
(Clarke 1972; Harlan et al. 2014). Regardless of the
context, individualized health factors and protective
responses greatly determine whether someone experiences negative health effects from heat (Alberini
et al. 2011; Bernard and McGeehin 2004; Hajat et al.
2010; Khare et al. 2015; Klinenberg 2015).
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Despite the seriousness of this hazard, the social
implications of heat waves are relatively understudied
in hazards literature although heat has received more
attention in public health research. Scholars emphasize that how one perceives risk influences a person’s
vulnerability (Jonsson and Lundgren 2015; Slovic 1987;
Zografos et al. 2016; Wilhelmi and Hayden 2010;
Grothmann and Patt 2005), but few studies have explored heat wave risk perceptions in the United States
(Kalkstein and Sheridan 2007; Sampson et al. 2013;
Semenza et al. 2008; Sheridan 2007). Few, if any, studies explicitly explore the impact that experience with
heat-related health symptoms may have on protective
behaviors in future heat events in the United States.
Physical exposure to a hazard influences one’s risk (Basu
and Samet 2002; Zografos et al. 2016), even one’s perception of that risk (Demski et al. 2017; Howe et al.
2013; Kalkstein and Sheridan 2007), and, depending on
the hazard, may or may not influence future response
(Dillon et al. 2014, 2011; Lindell and Perry 2000; Silver
and Andrey 2014; Sorenson 2000; Zografos et al. 2016;
Norris et al. 1999). However, differences in the relationship between personal experience and behavior have not received substantial attention; in other
words, different people may respond differently to
the same heat exposure.

b. Evolution of the experience–behavior hypothesis
Although many studies have concluded that prior
experience either does not have a significant influence
on protective behavior or that its influence is mixed
(Demuth et al. 2016; Palm and Hodgson 1992; Scolobig
et al. 2012; Wei et al. 2013; Weinstein 1989), scholars
have approached the measurement of these variables
differently with varying results (Becker et al. 2017;
Demuth et al. 2016; Lindell and Perry 2012; Mishra
and Mazumdar 2015; Mishra and Suar 2007; Mulilis
et al. 2003; Norris et al. 1999; Siegrist and Gutscher
2006, 2008; Stumpf et al. 2017; Zaalberg et al. 2009).
Weinstein (1989) noted several contradictory findings for various hazards, partly attributable to diverse
methodological and measurement issues that may explain conflicting results, which has also been found
in subsequent studies (Mishra and Mazumdar 2015;
Sharma and Patt 2012; Zaalberg et al. 2009). For example, experience and protective behaviors are often
operationalized as dichotomous variables, when in reality several types and ranges of experience and behavior may exist and can manifest in various ways
(Demuth et al. 2016; Mishra and Mazumdar 2015;
Mishra and Suar 2007; Sharma and Patt 2012; Zaalberg
et al. 2009). Limiting experience or behavior to one
measurement can restrict our ability to understand the
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nature and complexity of the relationship (Becker et al.
2017; Demuth 2015; Demuth et al. 2016; Lindell and
Hwang 2008; Sharma and Patt 2012; Zaalberg et al.
2009). Some argue that the question should not be
whether experience influences behavior but instead how
it may influence behavior (Demuth et al. 2016; Zaalberg
et al. 2009).
Dillon et al. (2014, 2011) explain the contextual importance of prior experience by defining the effect of
‘‘near miss’’ events on future preparedness. Their findings and others (Sharma and Patt 2012) show that prior
experience is not predictive of protective action unless
it is evaluated in terms of its negative impacts on that
person. The same concepts can be applied to contextual
experiences of heat. Unless heat experience is evaluated
in the context of negative health impacts, prior experience of extreme temperature exposure alone may not be
an effective indicator of protective action.
The question of how experience influences protective
actions can be partly understood by focusing on mediators between experience and behavior (Wachinger
et al. 2013). For example, risk perception has been found
to influence the relationship between prior experience
and adaptive behaviors (Becker et al. 2017; Demuth
2015; Demuth et al. 2012; Jackson 1981; Lindell and
Perry 2012; Mishra and Suar 2007; Mishra et al. 2009;
Norris et al. 1999; Siegrist and Gutscher 2008; Zaalberg
et al. 2009; Wachinger et al. 2013). Risk perception can
mediate prior experience and protective behavior
through a ‘‘risk perception paradox’’ that is created
when either 1) the benefits of taking the risk are perceived to outweigh the likelihood and extent of the costs,
2) personal responsibility to prevent losses has been
shifted to another party, or 3) there is a lack of resources
to implement the protective actions (Wachinger et al.
2013). In such cases, the relationship between risk perception and protective behaviors is controversial, unclear, and cannot be assumed to be highly positively
correlated. When variables such as risk perception
are controlled, hazard experience can have substantial
(Becker et al. 2017; Wei et al. 2013), lasting, and pervasive effects on behavior (Norris et al. 1999; Demuth
et al. 2016). As the specific relationship between heat
risk perception and heat-health behaviors is not yet
established in the literature, this study controls for risk
perception as a first step in analyzing how its influence
may affect the heat-health symptoms experience.

c. Broadening the heat experience definition
Heat stress can be inferred from ambient temperature, heat index, or other related metrics like wet-bulb
globe temperature (WBGT). Although these metrics
measure some level of exposure, they do not explain
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how any given individual’s body will respond to heat
or their own subjective experience of the phenomenon
(Anderson and Bell 2009; Bell et al. 2008). Several
components create one’s heat experience (Kuras et al.
2017, 2015). Just as experience is varied and multifaceted for other hazards, it is likewise complex for heat
because of its direct impact on personal health. Few heat
risk studies have attempted to define heat experience
by including measures of subjective heat-health impacts
alongside temperature exposure. One exception is a
study by Mishra and Suar (2007), that measured heat
wave severity with questions related to personal and
secondary experience with heat-health consequences,
which directly influenced how participants prepare for
future heat.
Although heat-related illness and death are preventable (CDC 2018; EPA 2006), people are often unable to
quickly identify the onset of heat stroke or heat exhaustion symptoms before serious illness ensues (Harlan
et al. 2014; Mishra and Suar 2007). As a result, extreme
heat is often considered a ‘‘silent killer’’ (Klinenberg
2015; Mishra and Suar 2007; Poumadère et al. 2005).
Research on thermal comfort can provide techniques to
mitigate heat exposure to avoid unnecessary loss of life
and enhance urban planning (Chen and Ng 2012). Experts are investigating ways to measure heat stress in
humans more accurately (Kuras et al. 2017; Lee et al.
2013, 2016) but such methods are not yet being used in
the hazards and risk communication fields.
This study explores the influence of subjective experiences with heat-health effects in a model that
also incorporates traditional predictors of behavior
including risk perception and temperature exposure. If
previous experience with negative health effects of
heat increases one’s protective actions, heat risk prevention plans and campaigns may be able to use the
unique aspects of experience to communicate heat risk
more effectively, mobilize adaptive practices, and ultimately improve current extreme heat event guidance
(CDC 2018). Designing messages that elicit memories
of past events, for example, or that help people connect with the visceral health experiences of others, may
increase the effectiveness of messages, warnings, and
advisories.

d. Differentiating protective behaviors
Protective behaviors can be viewed or categorized
in a variety of ways whether egocentric, prosocial, or
purely altruistic (Piliavin and Charng 1990; HaskiLeventhal 2009; Piliavin 2001). In disaster situations,
the stress caused by the event promotes many people
to act on behalf of others’ welfare and enhance social
cohesion in their communities while at the same time
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other people express antisocial behaviors more frequently (e.g., crime; Lemieux 2014). Furthermore,
people are more willing to express concern and act on
behalf of others when they know the person and when
they think no else will help (Lemieux 2014). This literature suggests that responses to extreme heat may
manifest differently according to the altruistic nature
of different populations. Populations may also respond
differently for heat hazards because of their ‘‘silent’’
nature. For example, if people believe the threats of
extreme heat will manifest before officials respond, will
they act on others’ behalf more readily? Our study
examines four behaviors that are focused on preserving
personal health during a heat wave and one behavior
that focuses on preserving the well-being of others.

e. Spatial variation
While previous research establishes who may be
more physiologically and socioeconomically vulnerable to extreme heat, little research explains how spatial factors contribute to people’s decisions to adapt
to the hazard. Although localized studies have measured protective behaviors through surveys, interviews,
or experiments (Akompab et al. 2013; Alberini et al.
2011; Kalkstein and Sheridan 2007; Khare et al. 2015;
Kim et al. 2014; Lefevre et al. 2015; Romero-Lankao
et al. 2014; Sheridan 2007; White-Newsome et al. 2011),
we are not aware of a study that has assessed what influences adaptive or protective behaviors on a national
level for the United States.
It is important to understand spatial variation in
heat response behaviors in order to provide context
for creating population and location-specific preparedness initiatives. Heat exposure varies widely across the
United States, and urban heat islands also create localized extremes that exacerbate heat exposure in densely
populated areas, especially in areas with little vegetation
cover (Clarke 1972; Harlan et al. 2006). This varied exposure creates different levels of acclimatization among
populations according to local norms and makes experiences of extreme heat a subjective threshold that may
be partially explained geographically. Protective behaviors in response to these thresholds may also be
spatially dependent. Understanding the factors that
influence protective behaviors at different geographic
scales will help practitioners create effective heat wave
response programs both locally and regionally (Browning
et al. 2006; Klinenberg 2015; Lee et al. 2015).

3. Methods
We used survey and temperature data from 2015 to investigate the aforementioned questions (Esplin et al. 2018);
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2015 was the second warmest year on record for the
contiguous United States (NOAA 2015), and every
state had an annual temperature warmer than the
twentieth-century average (1901–2000) including four
states experiencing their warmest year on record.
June 2015 was the second warmest June recorded,
particularly for the West and Southeast where several
western cities set new all-time June temperature records. The South, Northwest, and Northeast were
warmer than average in July and several locations in
the Northwest and Northeast recorded record warmth
in August.

a. Dependent variables
This study is based on georeferenced data from the
Climate Change in the American Mind project, a series
of nationally representative surveys conducted regularly by the Yale Program on Climate Change Communication and the George Mason Center for Climate
Change Communication. Adults 18 and older were
sampled from 30 September to 19 October 2015
online via the GfK Knowledge Panel (n 5 1330),
which uses probabilistic, address-based sampling.
The survey had an average margin of error of 63%
at 95% confidence (Leiserowitz et al. 2015). GfK
anonymized the locations of participants through a
random jittering process within 150 m of their household
address.
This survey measured five heat protective behaviors
with the following question and a four-point scale for
each item (never, rarely, occasionally, often):
‘‘When your local area experiences a heat wave, how
often do you do the following?’’
(Use fans at home; Stay indoors; Use air conditioning at
home; Check in on family, friends, or neighbors; Leave
home and go to a cooler place)

Responses were dichotomized into two groups: ‘‘never’’
and ‘‘rarely’’ as one group and ‘‘occasionally’’ and
‘‘often’’ as the other. Between 153 and 156 participants who declined to respond to any of these five
items were excluded from the model. An alternative
dichotomization was also analyzed by grouping ‘‘never’’
responses alone, and ‘‘rarely’’ responses with the other
response options (see supplemental materials for alternative results).

b. Predictor variables
1) HEALTH EXPERIENCE AND RISK PERCEPTION
The survey measured the negative effects of heatrelated health symptoms with the following items:
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‘‘How often have you experienced the following effects
of heat waves during the past year?’’
[Decreased productivity at work; Personal discomfort;
Heat-related illness (such as heat exhaustion or heat
stroke)]

Each item was measured with a four-point scale (never,
rarely, occasionally, and often). Cronbach’s a indicated
that the sum of these three items into a scale was reliable
(a 5 0.746) (DeVellis 2016). The values for these three
questions were summed and divided by the maximum
outcome to create a negative health effects score, which
was used as a fixed effect in the model.
Heat wave risk perception was measured in the survey
using a slider bar from 0 to 100 with the following items:
‘‘A heat wave is a period of unusually and uncomfortably
hot weather. If a heat wave were to occur in your local
area, how much, if at all, do you think it would harm the
following?’’
(Your health; The health of others in your community)

The slider bar included a descriptive scale (Would cause
no harm at all; A little harm; Moderate harm; A great
deal of harm; Would cause extreme harm). Cronbach’s
a indicated a combination of these two items into a scale
was reliable (a 5 0.902) (DeVellis 2016). The values for
these two questions were summed and divided by the
maximum outcome to create a risk perception score
used as a fixed effect in the model.

2) SOCIODEMOGRAPHIC CHARACTERISTICS
AND SPATIAL SCALES

Demographic characteristics collected from the survey were used as random effects according to the conceptual model in Fig. 1. Income levels were binned to
reflect fairly equal numbers of respondents at each
level. To control for behaviors that may be related
to having access to air conditioning, a variable indicating access to air conditioning (‘‘AnyAC’’) was included as a random effect by dichotomizing between
those who reported having central air or a window
AC unit and those who have neither. Any ‘‘refused’’
responses to either type of AC were coded as having
no AC access overall (n 5 24). Self-reported political
ideology was consolidated into three groups: liberal,
conservative, and moderate, and included as a random effect. Including political ideology in this model
tested if the climate beliefs and perceptions of local
temperature found to be associated with political orientation also manifest in protective behaviors for this
hazard (Howe and Leiserowitz 2013; Howe et al. 2013;
McCright et al. 2014). Random effects for county, state,
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FIG. 1. Conceptual model used to build a multilevel logistic
regression model to investigate heat protective behaviors in the
United States. Arrows indicate direction of possible influence
or association. Note that both experience variables affect risk
perception, but risk perception only influences the negative
health effects of heat.

and census division were also included. To account for
possible variation between urban and rural residents,
the 2013 Rural–Urban Continuum Codes from the U.S.
Department of Agriculture (USDA) at the county level
were used to create another predictor variable. This
coding scheme differentiates urban counties by the
population size of their metro area and rural counties
by the degree of urbanization and adjacency to a metro
area. The nine metro codes were dichotomized into two
groups: ‘‘metro’’ and ‘‘non-metro,’’ consistent with the
USDA classification scheme.

3) CLIMATIC INDICATORS OF EXPOSURE
Climatic and temperature exposure were not measured directly in these survey data; therefore, exposure
variables based on the locations of survey respondents were created from existing climate data sources.
Most heat waves occur from May to September in
the Northern Hemisphere and this time frame is often
called the warm season (Smith et al. 2013). Monthly
mean temperature data for May–September 2015,
and 30-yr averages for these months were downloaded
at 800-m spatial resolution from the PRISM Climate
Group (Oregon State University 2017) and then extracted to the county level. Mean temperature data
are appropriate for this context because mean temperatures are highly correlated with maximum and
minimum temperatures and extreme heat events are
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created in part by high daytime temperatures combined with high nightly lows (Smith et al. 2013). The
mean values of mean daily temperature for each
county’s warm season were calculated for the five
months of the 2015 warm season and the 30-yr average
for the same 5-month period. The 2015 averages
were then subtracted from the 30-yr averages to create
temperature anomaly values for the warm season immediately prior to survey administration. These two
values, the 30-yr average of mean temperature for the
2015 warm season and the 2015 mean temperature
anomaly for the warm season, were used as separate
climate-related exposure variables at the county level.
Using both variables captured relative differences in
baseline climatology and seasonal deviations from
normal temperature for each location. The countylevel 2015 temperature anomaly and 30-yr warmseason average for each respondent were added to
the model as the ‘‘exposure’’ predictor variables and
used as fixed effects alongside the negative health
effects and risk perception scores. We also investigated alternative heat wave exposure variables derived from the Daymet dataset (Thornton et al. 2018).
These variables represented the number of days the
mean temperature exceeded the 90th, 95th, or 99th
percentile (based on the 30-yr climatology) for two
consecutive days by census tract and averaged per
county. These variables are based on previous definitions of heat waves (Anderson and Bell 2011, 2009;
Smith et al. 2013). Further explanation of these alternative exposure variables and results are explained in
the supplemental materials.

c. Analytical approach
The five protective behaviors above were analyzed
separately as dependent variables through a multilevel
logistic regression model in R using the lme4 (Bates
et al. 2015), arm (Gelman and Su 2016), and sjPlot
packages (Lüdecke 2017). Models were built iteratively
by adding one random effect at a time. An ANOVA
was conducted after each addition and only predictors
that improved model fit (a 5 0.10) were retained.
Interactions between significant demographic variables were tested and included or excluded in the
same way. This process was conducted for each dependent variable; hence, the demographic random
effects differ for each protective behavior model.
Random effects that measured spatial variation (region, state, county, and metro versus non-metro) were
kept in all models. Fixed effects were added to the
model after the random effects. To control for measured exposure, the fixed effects of warm-season 30-yr
average temperature and 2015 warm-season temperature
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TABLE 1. Descriptive statistics of variables used as fixed effects
in the study. Participants chose between never, rarely, occasionally,
and often for each negative health effect item included in the
negative health effects score. Participants used a slider bar between
0 and 100 with a descriptive scale (Would cause no harm at all; A
little harm; Moderate harm; A great deal of harm; Would cause
extreme harm) to respond to the risk perception score items. The
values for the score items were summed and divided by the maximum outcome to create a negative health effects score and risk
perception score each ranging from 0 to 1. PRISM climate data are
reported for May–September (Oregon State University 2017).
Statistic

N

Mean

Std dev

Negative health effects score
Risk perception score
Warm-season 30-yr average
(1985–2015)
2015 warm-season anomaly

1180
1180
1180

0.53
0.39
21.588C

0.19
0.24
3.538C

1180

0.668C

0.478C

anomaly at the county level were kept in the model regardless of effect size and improvement of model fit.

4. Results
On a 0–1 scale, the negative health effects score had
a mean of 0.53 (standard deviation s 5 0.19) and
risk perception score had a mean of 0.39 (s 5 0.24)
(Table 1). Most participants reported using air conditioning at home often and never going to a cooler place
during a heat wave (Table 2). Responses for checking
on family, friends, and neighbors are spread somewhat evenly across all response options. Respondents
are representatively distributed across the nine census
divisions (region), political ideology, gender, and several levels of age and income (Table 3). The distribution of respondents across the metro versus non-metro
counties, race/ethnicity groups, and presence or absence of air conditioning categories was more uneven.
Most attributes are representative of the spatial and
demographic distribution of the U.S. population. As
compared to the 2015 census American Community
Survey, ‘‘white, non-Hispanic’’ individuals, adults
with a bachelor’s degree or higher, 45–59-year-olds,
and adults 60 years and older are overrepresented in

the sample by 8.5%, 7.0%, 8.7%, and 14.5%, respectively. ‘‘Other, non-Hispanic’’ individuals and
households with less than $25,000 annual income are
underrepresented by 7.0% and 6.6%, respectively.
Results from the multilevel logistic regression predicting behavioral responses to extreme heat show that
the temperature variables (long-term warm-season
mean and 2015 warm-season anomaly) had a small and
nonsignificant effect across all protective behaviors
while experience with heat-health symptoms had a large
positive association with all behaviors (Table 4). Alternative models using percentile thresholds for extreme
heat had similar results (See supplemental materials).
The effect of risk perception varied depending on the
behavior measured. Risk perception and negative health
effects had low intercorrelation for all models (between
r 5 0.336 and r 5 0.399). When considering their associated confidence intervals, negative health effects was a
more consistent predictor than risk perception for all
behaviors (Fig. 2). Overall, experience with heat-health
symptoms was a much stronger predictor than risk perception for all protective behaviors except ‘‘Checking
on Others’’ and ‘‘Using AC at home,’’ where the effect
sizes of risk perception were comparably large.
Spatial variables had little influence in most models.
Controlling for other variables in the model, households
in the South Atlantic census division used AC at home
6 percentage points more than the national average and
California households 8 percentage points less than
the national average. Californians were 15 percentage
points less likely than the national average to check on
others. People in the Pacific census division were 16
percentage points more likely to go to a cooler place
than people in the South Atlantic and 14 percentage
points more likely than the national average. Nonmetro residents were 10 percentage points less likely
to stay indoors than metro residents. However, most
spatial random effects were not significantly different
from the national average.
Risk perception and negative health effects were
strong predictors of checking on family, friends, and
neighbors during a heat wave (Fig. 3). By contrast, the

TABLE 2. Descriptive statistics of the protective behaviors analyzed in this study. We show N for each response option with the
corresponding percentage of participants who responded to that question in parentheses. We acknowledge that the limitations to the
benefits of fan use under certain conditions may influence the results for this particular behavior. N/A indicates not available.

Use fans
Stay indoors
Use AC at home
Check on family, friends, and neighbors
Go to a cooler place

Never

Rarely

Occasionally

Often

N/A

N

103 (8.73%)
36 (3.05%)
85 (7.20%)
251 (21.27%)
588 (49.83%)

110 (9.32%)
125 (10.59%)
48 (4.07%)
311 (26.36%)
300 (25.42%)

288 (24.41%)
373 (31.61%)
172 (14.58%)
415 (35.17%)
202 (17.12%)

675 (57.20%)
643 (54.49%)
871 (73.81%)
197 (16.69%)
86 (7.29%)

4 (0.34%)
3 (0.25%)
4 (0.34%)
6 (0.51%)
4 (0.34%)

1180
1180
1180
1180
1180
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TABLE 3. Descriptive statistics for the individual levels of the
random effects used in the multilevel models.
N

Frequency (%)

68
160
171
97
219
65
110
91
199

5.76
13.56
14.49
8.22
18.56
5.51
9.32
7.71
16.86

1017
163

86.19
13.81

174
248
340
418

14.75
21.02
28.81
35.42

118
1062

10.00
90

Education
Less than high school
High school
Some college
Bachelor’s degree or higher

93
322
352
413

7.88
27.29
29.83
35.00

Ethnicity/race
White, non-Hispanic
Black, non-Hispanic
Other, non-Hispanic
Hispanic
Two or more races, non-Hispanic

860
110
45
130
35

72.88
9.32
3.81
11.02
2.97

Gender
Male
Female

541
639

45.85
54.15

Income
, $25,000
$25,000–39,999
$40,000–59,999
$60,000–84,999
$85,000–124,999
$$125,000

183
172
199
203
239
184

15.51
14.58
16.86
17.20
20.25
15.59

Political ideology
Refused
Liberal
Moderate
Conservative

15
313
471
381

1.27
26.53
39.92
32.29

Total observations

1180

Region
New England
Middle Atlantic
East North Central
West North Central
South Atlantic
East South Central
West South Central
Mountain
Pacific
Rural vs urban
Metro
Non-metro
Age (years)
18–29
30–44
45–59
601
Any AC at home
No AC
Yes AC

physical exposure variables (long-term warm-season
average temperature and 2015 temperature anomaly)
had a negligible influence. The marginal effects of these
predictors indicate that 80% of adults with the highest
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risk perception score would be predicted to report
checking on others during a heat wave (Fig. 4). By
contrast, adults with the lowest risk perception score
have a 33% probability of reporting that they would
check on others. Holding risk perception constant, the
likelihood that adults with the most prior experience
with heat-related health symptoms will check on others
is 71% while the likelihood for those with the least experience is 35%.
Demographic random effects exhibited the most
variation in predicting checking on others during a heat
wave (Table 5). Age was the strongest individual predictor while education had essentially no influence.
Adults 45 years and older were 19 (601 years old) to
20 (45–59-year-olds) percentage points more likely to
check on family, friends, and neighbors than younger
adults (18–29-year-olds). Other significant predictors
include being female (11 percentage points more than
males), being black (11 percentage points more than
whites and 12 percentage points more than Hispanics),
having a moderate political ideology (7 percentage
points more than the national average), and having
income less than $25,000 (5 percentage points more
than the average). Even though education did not significantly predict this behavior, an interaction between
education, gender, and political ideology had considerable influence on checking on others, with greater
variance (s2 5 0.14) than all other demographic variables except age. Overall, female moderates with less
than a high school education were 24 percentage points
more likely than the average American to check on
others with the highest probability of all random effects in the study [P 5 0.77, b 5 0.57, standard error
(se) 5 0.30]. Male conservatives with a high school
diploma were 10 percentage points more likely than
the national average (b 5 0.55, se 5 0.26), and male
moderates with some college education were 8 percentage points more likely than the average (b 5 0.39,
se 5 0.25). Odds ratios for random effects of this
model are found in the supplemental materials. Models
that alternately dichotomized behavioral responses as
‘‘never’’ versus all other responses showed similar
results for the main hypothesized predictors, with
somewhat smaller demographic effects across all behaviors (see supplemental materials).

5. Discussion
Heat experience can be quantified and inferred by
measuring the ambient temperatures to which people
are exposed (Kuras et al. 2015, 2017; Hondula et al.
2013; Reid et al. 2012; Tan et al. 2010). However, this
method may not fully capture the role of subjective
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TABLE 4. Coefficients for fixed effects and number of levels for random effects used in each model. The random effect NSTATE includes
the District of Columbia and excludes Alaska and Hawaii. Dashes indicate random effects that were not included in the model because
their inclusion did not improve model fit with 90% confidence during model iteration. Temperature exposure had little influence on
reports of protective behavior while the negative effects of heat on one’s health had large effects across all behaviors. Note that few
variables fit the model for fan use. This may be due to the beneficial limits of the behavior—using fans above 908F (328C) can worsen
conditions (EPA 2006). Asterisks indicate significance levels: * is for p , 0.05, ** is for p , 0.01, and *** is for p , 0.001.
Checking on others

Fixed Parts
Intercept
NegHealthEffects_Score
RiskPerception_Score
WarmSeason_30yr_Average
WarmSeason_Anomaly

Go to cooler place

Stay indoors

AC use at home

Fan use

b

se

b

se

b

se

b

se

b

se

21.99**
1.64***
2.11***
0.02
0.15

0.76
0.40
0.32
0.03
0.19

22.21**
2.71***
0.81*
20.03
20.16

0.82
0.43
0.34
0.03
0.22

20.77
3.12***
0.40
0.03
20.22

0.86
0.60
0.42
0.03
0.21

21.19
1.78*
1.21*
0.08
20.01

1.72
0.70
0.53
0.05
0.36

0.10
2.17***
0.22
0.01
0.02

0.61
0.49
0.36
0.02
0.18

Random Parts
NCOUNTY
NSTATE
NEDU: GENDER: POL_IDEOLOGY
NREGION
NINCOME
NRACE/ETHINICITY
NPOLITICAL_IDEOLOGY
NEDUCATION
NAGE
NRURALvURBAN
NGENDER
NAnyAC

565
49
30
9
6
5
4
4
4
2
2
—

566
49
—
9
6
5
—
—
4
2
—
—

566
49
—
9
—
—
—
—
4
2
2
2

565
49
—
9
6
—
—
4
—
2
—
2

566
49
—
9
6
—
—
—
—
2
—
—

Total observations

1174

1176

1177

1176

1176

heat-health impacts or their influence on individual protective behaviors. Measurements of subjective
experience with extreme heat that include personal
health-related impacts have a strong positive relationship with self-reported protective behavior. On average, people in the United States reported taking more
protective actions against extreme heat when they had
had experience with the negative health effects of heat,
such as feelings of discomfort or heat exhaustion. This
result could relate to observed decreasing trends in
U.S. heat mortality rates (Hondula et al. 2015; Gasparrini
et al. 2015; Bobb et al. 2014) as people experience and
adapt to heat over time. Assuming there is a causal
relationship between experience and behavior, incorporating references to prior experience with heathealth symptoms into risk communication strategies
may improve awareness of heat risk and adaptation
practices. For example, messaging that triggers memories of people’s past negative experiences with heat
or, for those who have not had such experiences, that
stimulates connecting vicariously with others’ negative health experience could promote adaptive practices and motivate people to make heat protection
plans. By thinking first about past experiences and
results, people may be more likely to evaluate their

resources and needs more accurately for future events.
Such imaginative exercises could be a key step in plans
to help municipalities be more prepared for future heat
waves.
This study indicates that heat risk perception’s relationship with adaptive practices varies across behaviors. Risk perception predicted the chances that
people would check on others more than prior experience with negative health symptoms, but this relationship did not hold for other protective behaviors.
Assuming this is a causal relationship, high perception
of heat risk may encourage people to think about
others and act altruistically, but not motivate individuals as much to protect themselves personally
against heat by using fans, staying indoors, or going
to a cooler place. In contrast, prior experience with
heat-health symptoms consistently predicted altruistic and personal protective actions. This supports the
importance of measuring direct, negative impacts of a
hazard (Dillon et al. 2014, 2011; Sharma and Patt
2012). While risk perception is an important indicator
of vulnerability (Jonsson and Lundgren 2015; Slovic
1987; Zografos et al. 2016), prior experience with
heat-related health symptoms is a related and possibly
more consistent predictor of behavior and should be
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FIG. 2. Coefficients of (left) the negative health effects of heat and (right) risk perception for all measured protective
behaviors. Note that although risk perception had more influence on checking on others than negative health effects,
negative health effects influenced fan use, going to a cooler place, and staying indoors much more.

considered part of how heat experience is measured in
future work.
For future risk communication studies, harnessing the
predictive influence of prior heat-health experience on
protective behavior into an effective risk communication tool has the potential to reduce vulnerability and
increase resilience among populations that may not
otherwise have the immediate resources to reduce their
risk through other means. For example, creating messaging about the signs of and treatment for heat stroke
that triggers memory of negative experiences with heathealth symptoms may help people take precautionary
steps to protect themselves and those around them. This
work calls for exploration of heat-health experience as a
risk communication tool.
The personal protective behaviors measured in this
study were not heavily influenced by sociodemographic
characteristics, a result that contrasts with other research regarding heat risk (Wilhelmi and Hayden
2010). Although indicators like age, gender, race or
ethnicity, income, and education are good predictors
for risk perception and vulnerability, reported heat
protective behaviors span these groups regardless of

their risk. Many of these behaviors are accessible to
most of the population across different demographic
characteristics, which supports the notion that heat
morbidity and mortality are preventable when people
have both the right information and access to resources

FIG. 3. Odds ratios for the fixed effects of checking on others
during a heat wave. People with the highest risk perception reported checking on others during a heat wave 27% more than the
average American. People with the most prior experience with
heat-health symptoms reported checking on others 18% more than
the average American. Both warm-season effects are not significantly different than the average.
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FIG. 4. The marginal effects of checking on others during a heat wave. Adults who reported the most prior
experience with heat-health symptoms reported checking on friends, family, and neighbors 36% more than adults
who had the least experience with these symptoms. Adults who reported the highest risk perception reported
checking on others 47% more than adults who did not perceive this risk.

at the right time. Although there are financial constraints to accessing air conditioning, other effective
behaviors examined here are generally accessible and
low cost.
Even so, in the model for going to a cooler place, income is not the only constraining variable for this behavior; age and ethnicity also play a role. This is not
surprising because age can impede mobility and lowincome households may not be able to afford transportation to a cooler place or feel safe going out in their
neighborhoods (Klinenberg 2015). Overall, it appears
that when people had access to AC and the income to
afford this amenity, they used it instead of going to a
cooler place regardless of cultural boundaries, but when
people did not have air conditioning or could not afford
its use, some demographic influences differentiated who
seeks out a cooler location and who does not. Staying
indoors is another protective behavior that is accessible
to the majority of the population, with the exception
of those who work outside or are required to engage in
other activities outside. In this study, older adults and
men tended to stay indoors less during a heat wave than

younger adults and women. This model supports previous research stating that men have lower heat risk
perceptions (Kalkstein and Sheridan 2007; Klinenberg
2015) and that older adults may not consider themselves
to be part of a vulnerable population; they may not see
themselves to be at risk in part because they may not
consider themselves to be elderly (Wolf et al. 2010a).
This research contributes to the heat risk research
literature by distinguishing what predicts specific
self-reported protective behaviors. In particular, we
identified a unique difference between altruistic and
personal behaviors. Checking on others was the only
altruistic protective behavior measured and although
this is something most adults can do, this behavior was
influenced more heavily by sociodemographic factors than
any other. Adults 45 years and older tended to check
on family, friends, and neighbors more than 18–29-yearold adults. The opposite effect applies to the relationships between age and personal protective
behaviors, with 18–29-year-olds tending to personally
protect themselves and older adults (45 and older)
less so. This is consistent with studies that found
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TABLE 5. Results for ‘‘Checking on Others’’ model. Risk perception and prior experience with heat-health symptoms greatly
increased the likelihood that Americans will check on their family,
friends, and neighbors. Note that there is no spatial variation detected by the county or the rural vs urban spatial levels or by education for this behavior. Asterisks indicate significance levels: * is
for p , 0.05, ** is for p , 0.01, and *** is for p , 0.001.

Fixed Parts
Intercept
NegHealthEffects_Score
RiskPerception_Score
WarmSeason_30yr_Average
WarmSeason_Anomaly

b

se

21.99**
1.64***
2.11***
0.02
0.15

0.76
0.40
0.32
0.03
0.19

Random Parts
t00,COUNTY
t00,STATE
t00,EDU: GENDER: POL_IDEOLOGY
t00,REGION
t00,INCOME
t00,RACE/ETHNICITY
t00,POLITICAL_IDEOLOGY
t00,EDUCATION
t00,AGE
t00,RURALvURBAN
t00,GENDER

0.000
0.088
0.140
0.017
0.032
0.081
0.086
0.000
0.151
0.000
0.096

Total observations

1174

older adults manifest more prosocial behaviors (HaskiLeventhal 2009) and implies that older adults may be
more concerned about others’ than their own health, while
younger adults act to protect themselves from the heat but
are less likely to transfer this concern to helping those
around them. This knowledge can help practitioners emphasize certain aspects of heat risk messaging and planning
for different groups. Interactions with older adults can
emphasize the need to take care of one’s health so they are
able to help others effectively, and outreach with younger
adults can encourage them to be more aware of vulnerable
people around them and what they can do to help.
Other demographic predictors including gender and
race/ethnicity had some association with altruistic selfreported behaviors. On average, men tend to check on
others during a heat wave less than women, and black
or African American respondents tended to check on
others more than white respondents. Previous research
has found that men perceive lower risk from heat
(Kalkstein and Sheridan 2007; Klinenberg 2015; Harlan
et al. 2014), which may lead them to be less aware of the
threat to others and therefore act less altruistically.
Community heat protection plans may maximize their
efforts by both incorporating women more directly into
their strategies to check on neighbors and encouraging
men to be more active in checking on others and to be
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aware of their own risk. African Americans and older
adults could also be recruited for neighborhood outreach initiatives. Contrary to previous studies regarding
the resilience of Hispanic communities to extreme heat
events (Kalkstein and Sheridan 2007; Klinenberg 2015),
this study found that Hispanic respondents did not check
on others more than white respondents. Although the
observed cohesive nature of Hispanic communities may
be present in many locations, more research on the
adaptive capacity of these communities is needed, as
Hispanics are one of the ethnic groups most exposed
to heat based on their geographic distribution in the
United States. These results may also indicate the importance of group influence and collective norms in
determining altruistic actions (Haski-Leventhal 2009).
Although education significantly improved the model
fit for checking on others, its influence was negligible
altogether. A person’s education level may not necessarily be indicative of their knowledge of what causes
heat vulnerability and how to avoid and treat it, or their
ability to implement this knowledge. Regardless of understanding these principles, several other factors influence or impede one’s ability to implement protective
action and these barriers must be overcome in order to
foster preparedness and response (Jenerette et al. 2011;
Harlan et al. 2006; White-Newsome et al. 2014).
Only one interaction term predicted the altruistic
behavior of checking on others. Although education
had negligible influence on its own, relationships emerge
when education was coupled with political ideology and
gender, both with moderate to large effect sizes. For
most groups, as education increased, the likelihood of
checking on others decreased. The only groups that
responded differently were female moderates with less
than a high school diploma, male conservatives with a
high school diploma, and male moderates with some
college education. Such interactions may explain the
specific groups responsible for the marginal effect of
political ideology, and add an additional dimension to
the finding that men check on others less than women in
general. Clearly this interaction is complex, but indicates that these exceptions to the individual predictors
are large associations that should be investigated and
possibly considered when drawing conclusions about
altruistic behaviors for certain groups. This finding calls
for further inquiry to understand what implications the
combination of these influences may have for risk
communication and emergency management officials
seeking to maximize strategies and efforts to build heat
resilient communities.
Although the spatial variables did not predict protective behaviors, including them did help control for
possible biases introduced by spatial clustering. The
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absence of significant spatial effects may explain
the subjectivity of heat experience. Although experience with heat-health symptoms improved the ability
to measure heat behavior, these symptoms manifest
on an individual level and may be dependent on other
factors not measured in the study. Chronic health
conditions and health status influence when heat-related
health symptoms occur (Anderson and Bell 2009, 2011;
Sampson et al. 2013). Different acclimatization levels
can alter resilience to heat for people who travel from a
cooler climate to a warmer one even though they have
good health status and do not have chronic health conditions. Localized acclimatization may explain why
there is little spatial variation for these protective behaviors. Extreme heat occurs in all regions of the United
States but the threshold of what is considered extreme is
dependent on climate and different personal thresholds
of heat tolerance. People feel the effects of ‘‘extreme’’
heat differently and depending on the climate they are
accustomed to.
To summarize, although the altruistic action of checking on family, friends, and neighbors can be performed
by most people with little or no monetary cost like some
of the other behaviors analyzed in this study, societal
and cultural norms may influence whether Americans
choose to do so. It is possible there are social barriers
that impede or encourage people to reach out to others
at risk to heat stress. These barriers can depend on
neighborhood culture or social norms of any given cultural or generational group as well as broad expectations
of American society in general (Klinenberg 2015; Colten
and Sumpter 2009; Poumadère et al. 2005; Wolf et al.
2010b; Lemieux 2014). As noted by Klinenberg (2015),
the ‘‘silent’’ nature of heat waves can delay official
government response; potentially vulnerable neighborhoods may go unnoticed for some time. It is possible
these more altruistic groups act on behalf of others
more readily during heat events because they are from
neighborhoods where they think no one else will respond in time (Lemieux 2014). Further research on this
particular behavior as well as other altruistic behaviors
in the context of heat may better inform the nature of
altruistic actions that are unique to this specific hazard
and what that means for practitioners striving to better
mitigate heat risk in their communities.

6. Limitations
This study has several limitations, including the possible bias introduced by the nature of self-reported
survey data. Participants may have reported inaccurate
measures of their experience with heat-health symptoms, heat risk perceptions, and protective behaviors
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because of poor memory recall or desire to appear more
or less experienced with symptoms, aware of the risk, or
active in protecting themselves or others. Coupling
survey results with an experimental design that measures the actual occurrence of heat-health symptoms
and protective actions would be a useful next step in
future research. The spatial and temporal scale used in
this analysis may be too coarse to see high-resolution
variation of participant exposure to heat, such as within counties. Although the climatological variables used
to measure exposure were georeferenced to each respondent’s county, there may be short-term weather and
finescale effects within the summer season on reported
behavior that may not be captured by the temperature
variables used here. The scale limitation is also related
to the survey sample; since the survey was nationally
representative, more people were sampled from densely
populated areas than from low-density areas. The possible influence of air conditioning on the measured behaviors would also be better understood with more
information about which participants cannot afford its
use and those who do not have access to AC (who represented only 10% of our sample). Last, only five heatprotective behaviors and three heat-health effects were
analyzed. Additional important behaviors and health
effects could be examined in future work.

7. Conclusions
Life and property are threatened when human behaviors are insufficient to protect against extreme heat.
The heat risk research community acknowledges heathealth symptoms as a major impact of extreme heat
events (Kuras et al. 2017, 2015), yet few studies use this
direct effect to enhance heat experience measurements attempting to predict behavior and preparedness
(Mishra and Suar 2007). This study addresses this gap
by examining subjective experience with the negative
effects of heat on one’s health. We found that experience with heat-health symptoms strongly influenced
self-reported protective behaviors while traditional
measures of heat exposure had little influence. This
finding supports the heat risk research community’s
call to measure exposure on an individual level (Kuras
et al. 2017). Risk perceptions had an important but
smaller influence on behaviors than did previous experience. At least 60% of participants had previously
experienced some heat-related health symptoms. As
time passes, it is likely that more people will accumulate this experience as heat wave frequency increases.
Therefore, this experience should be incorporated
regularly into heat experience measurements alongside temperature exposure in order to provide more
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accurate insight on what motivates people to protect
themselves during extreme heat. Risk communication
and risk planning professionals can use these findings
to better promote heat protective behaviors for different
U.S. populations, improve local heat protection plans,
and thereby more effectively prevent unnecessary suffering and loss of life due to heat exposure.
Acknowledgments. Funding for this research was partially supported by the National Science Foundation Decision Risk and Management Sciences Program, Grant
SES-1459872 ‘‘Collaborative Research: Multi-Scale Modeling of Public Perceptions of Heat Wave Risk.’’ The authors thank Courtney Flint, Simon Wang, and the three
anonymous reviewers for their comments and suggestions.
REFERENCES
Akompab, D. A., P. Bi, S. Williams, J. Grant, I. A. Walker, and
M. Augoustinos, 2013: Heat waves and climate change:
Applying the health belief model to identify predictors
of risk perception and adaptive behaviours in Adelaide,
Australia. Int. J. Environ. Res. Public Health, 10, 2164–2184,
https://doi.org/10.3390/ijerph10062164.
Alberini, A., W. Gans, and M. Alhassan, 2011: Individual and
public-program adaptation: Coping with heat waves in
five cities in Canada. Int. J. Environ. Res. Public Health, 8,
4679–4701, https://doi.org/10.3390/ijerph8124679.
Anderson, G. B., and M. L. Bell, 2009: Weather-related mortality:
How heat, cold, and heat waves affect mortality in the United
States. Epidemiology, 20, 205–213, https://doi.org/10.1097/
EDE.0b013e318190ee08.
——, and ——, 2011: Heat waves in the Unites States: Mortality
risk during heat waves and effect modification by heat wave
characteristics in 43 U.S. communities. Environ. Health Perspect., 119, 210–218, https://doi.org/10.1289/ehp.1002313.
Basu, R., and J. M. Samet, 2002: Relation between elevated ambient temperature and mortality: A review of the epidemiologic evidence. Epidemiol. Rev., 24, 190–202, https://doi.org/
10.1093/epirev/mxf007.
Bates, D., M. Maechler, B. Bolker, and S. Walker, 2015: Fitting
linear mixed-effects models using lme4. J. Stat. Software, 67, 1–
48, https://doi.org/10.18637/jss.v067.i01.
Becker, J. S., D. Paton, D. M. Johnston, K. R. Ronan, and
J. McClure, 2017: The role of prior experience in informing and
motivating earthquake preparedness. Int. J. Disaster Risk Reduct., 22, 179–193, https://doi.org/10.1016/j.ijdrr.2017.03.006.
Bell, M. L., M. S. O’Neill, N. Ranjit, V. H. Borja-Aburto, L. A.
Cifuentes, and N. C. Gouveia, 2008: Vulnerability to heatrelated mortality in Latin America: A case-crossover study
in São Paulo, Brazil, Santiago, Chile and Mexico City,
Mexico. Int. J. Epidemiol., 37, 796–804, https://doi.org/
10.1093/ije/dyn094.
Bernard, S. M., and M. A. McGeehin, 2004: Municipal heat wave
response plans. Amer. J. Public Health, 94, 1520–1522, https://
doi.org/10.2105/AJPH.94.9.1520.
Bobb, J. F., R. D. Peng, M. L. Bell, and F. Dominici, 2014: Heatrelated mortality and adaptation to heat in the United States.
Environ. Health Perspect., 122, 811–816, https://doi.org/10.1289/
ehp.1307392.

VOLUME 11

Borden, K. A., and S. L. Cutter, 2008: Spatial patterns of natural
hazards mortality in the United States. Int. J. Health Geogr., 7,
64, https://doi.org/10.1186/1476-072X-7-64.
Browning, C. R., D. Wallace, S. L. Feinberg, and K. A. Cagney,
2006: Neighborhood social processes, physical conditions, and
disaster-related mortality: The case of the 1995 Chicago heat
wave. Amer. Sociol. Rev., 71, 661–678, https://doi.org/10.1177/
000312240607100407.
CDC, 2018: Extreme heat. Accessed 17 August 2018, https://
www.cdc.gov/disasters/extremeheat/index.html.
Chen, L., and E. Ng, 2012: Outdoor thermal comfort and outdoor
activities: A review of research in the past decade. Cities, 29,
118–125, https://doi.org/10.1016/j.cities.2011.08.006.
Clarke, J. F., 1972: Some effects of the urban structure on heat
mortality. Environ. Res., 5, 93–104, https://doi.org/10.1016/
0013-9351(72)90023-0.
Colten, C. E., and A. R. Sumpter, 2009: Social memory and resilience in New Orleans. Nat. Hazards, 48, 355–364, https://
doi.org/10.1007/s11069-008-9267-x.
Demski, C., S. Capstick, N. Pidgeon, R. G. Sposato, and A. Spence,
2017: Experience of extreme weather affects climate change
mitigation and adaptation responses. Climatic Change, 140,
149–164, https://doi.org/10.1007/s10584-016-1837-4.
Demuth, J. L., 2015: Developing a valid scale of past tornado
experiences. Ph.D. dissertation, Colorado State University,
194 pp.
——, R. E. Morss, B. H. Morrow, and J. K. Lazo, 2012: Creation
and communication of hurricane risk information. Bull.
Amer. Meteor. Soc., 93, 1133–1145, https://doi.org/10.1175/
BAMS-D-11-00150.1.
——, ——, J. K. Lazo, and C. Trumbo, 2016: The effects of past hurricane experiences on evacuation intentions through risk perception and efficacy beliefs: A mediation analysis. Wea. Climate
Soc., 8, 327–344, https://doi.org/10.1175/WCAS-D-15-0074.1.
DeVellis, R. F., 2016: Scale Development: Theory and Applications.
SAGE Publications, 276 pp.
Dillon, R. L., C. H. Tinsley, and M. Cronin, 2011: Why near-miss
events can decrease an individual’s protective response
to hurricanes: Near-misses and protective responses to
hurricanes. Risk Anal., 31, 440–449, https://doi.org/10.1111/
j.1539-6924.2010.01506.x.
——, ——, and W. J. Burns, 2014: Near-misses and future disaster
preparedness. Risk Anal., 34, 1907–1922, https://doi.org/10.1111/
risa.12209.
EPA, 2006: Excessive heat events guidebook. U.S. EPA, 56 pp.
Esplin, E. D., J. R. Marlon, A. Leiserowitz, and P. D. Howe, 2018:
Replication data for ‘‘‘Can you take the heat?’ Heat-health
symptoms are associated with protective behaviors.’’ Utah
State University, accessed 13 December 2018, https://doi.org/
10.15142/T3736T.
Gasparrini, A., and Coauthors, 2015: Temporal variation in
heat–mortality associations: A multicountry study. Environ.
Health Perspect., 123, 1200–1207, https://doi.org/10.1289/
ehp.1409070.
Gelman, A., and Y.-S. Su, 2016: arm: Data analysis using regression and multilevel/hierarchical models. R package,
https://CRAN.R-project.org/package5arm.
Grothmann, T., and A. Patt, 2005: Adaptive capacity and human
cognition: The process of individual adaptation to climate
change. Global Environ. Change, 15, 199–213, https://doi.org/
10.1016/j.gloenvcha.2005.01.002.
Guo, Y., and Coauthors, 2018: Quantifying excess deaths related
to heatwaves under climate change scenarios: A multicountry

APRIL 2019

ESPLIN ET AL.

time series modelling study. PLoS Med., 15, e1002629, https://
doi.org/10.1371/journal.pmed.1002629.
Hajat, S., and T. Kosatky, 2010: Heat-related mortality: A review
and exploration of heterogeneity. J. Epidemiol. Community
Health, 64, 753–760, https://doi.org/10.1136/jech.2009.087999.
——, M. O’Connor, and T. Kosatsky, 2010: Health effects of hot
weather: From awareness of risk factors to effective health
protection. Lancet, 375, 856–863, https://doi.org/10.1016/
S0140-6736(09)61711-6.
Harlan, S. L., A. J. Brazel, L. Prashad, W. L. Stefanov, and
L. Larsen, 2006: Neighborhood microclimates and vulnerability to heat stress. Soc. Sci. Med., 63, 2847–2863, https://
doi.org/10.1016/j.socscimed.2006.07.030.
——, G. Chowell, S. Yang, D. B. Petitti, E. J. Morales Butler, B. L.
Ruddell, and D. M. Ruddell, 2014: Heat-related deaths in hot
cities: Estimates of human tolerance to high temperature
thresholds. Int. J. Environ. Res. Public Health, 11, 3304–3326,
https://doi.org/10.3390/ijerph110303304.
Haski-Leventhal, D., 2009: Altruism and volunteerism: The perceptions of altruism in four disciplines and their impact on
the study of volunteerism. J. Theory Soc. Behav., 39, 271–299,
https://doi.org/10.1111/j.1468-5914.2009.00405.x.
Hawkins, M. D., V. Brown, and J. Ferrell, 2017: Assessment of
NOAA National Weather Service methods to warn for extreme heat events. Wea. Climate Soc., 9, 5–13, https://doi.org/
10.1175/WCAS-D-15-0037.1.
Hondula, D. M., R. E. Davis, J. Rocklöv, and M. V. Saha, 2013: A
time series approach for evaluating intra-city heat-related
mortality. J. Epidemiol. Community Health, 67, 707–712,
https://doi.org/10.1136/jech-2012-202157.
——, R. C. Balling, J. K. Vanos, and M. Georgescu, 2015: Rising
temperatures, human health, and the role of adaptation. Curr.
Climate Change Rep., 1, 144–154, https://doi.org/10.1007/
s40641-015-0016-4.
Howe, P. D., and A. Leiserowitz, 2013: Who remembers a hot
summer or a cold winter? The asymmetric effect of beliefs
about global warming on perceptions of local climate conditions in the U.S. Global Environ. Change, 23, 1488–1500,
https://doi.org/10.1016/j.gloenvcha.2013.09.014.
——, E. M. Markowitz, T. M. Lee, C.-Y. Ko, and A. Leiserowitz,
2013: Global perceptions of local temperature change. Nat. Climate Change, 3, 352–356, https://doi.org/10.1038/nclimate1768.
Jackson, E. L., 1981: Response to earthquake hazard: The west
coast of North America. Environ. Behav., 13, 387–416, https://
doi.org/10.1177/0013916581134001.
Jenerette, G. D., S. L. Harlan, W. L. Stefanov, and C. A. Martin,
2011: Ecosystem services and urban heat riskscape moderation: Water, green spaces, and social inequality in Phoenix,
USA. Ecol. Appl., 21, 2637–2651, https://doi.org/10.1890/
10-1493.1.
Jones, B., B. C. O’Neill, L. McDaniel, S. McGinnis, L. O. Mearns,
and C. Tebaldi, 2015: Future population exposure to US heat
extremes. Nat. Climate Change, 5, 652–655, https://doi.org/
10.1038/nclimate2631.
Jonsson, A. C., and L. Lundgren, 2015: Vulnerability and adaptation to heat in cities: Perspectives and perceptions of local
adaptation decision-makers in Sweden. Local Environ., 20,
442–458, https://doi.org/10.1080/13549839.2014.896326.
Kalkstein, A. J., and S. C. Sheridan, 2007: The social impacts of
the heat–health watch/warning system in Phoenix, Arizona: Assessing the perceived risk and response of the
public. Int. J. Biometeor., 52, 43–55, https://doi.org/10.1007/
s00484-006-0073-4.

415

Khare, S., S. Hajat, S. Kovats, C. E. Lefevre, W. B. de Bruin, S. Dessai,
and A. Bone, 2015: Heat protection behaviour in the UK: Results of an online survey after the 2013 heatwave. BMC Public
Health, 15, 878, https://doi.org/10.1186/s12889-015-2181-8.
Kim, M., H. Kim, and M. You, 2014: The role of public awareness
in health-protective behaviours to reduce heat wave risk.
Meteor. Appl., 21, 867–872, https://doi.org/10.1002/met.1422.
Klinenberg, E., 2015: Heat Wave: A Social Autopsy of Disaster in
Chicago. 2nd ed. University of Chicago Press, 305 pp.
Kuras, E. R., D. M. Hondula, and J. Brown-Saracino, 2015: Heterogeneity in individually experienced temperatures (IETs)
within an urban neighborhood: Insights from a new approach
to measuring heat exposure. Int. J. Biometeor., 59, 1363–1372,
https://doi.org/10.1007/s00484-014-0946-x.
——, and Coauthors, 2017: Opportunities and challenges for personal heat exposure research. Environ. Health Perspect., 125,
https://doi.org/10.1289/EHP556.
Lee, H., J. Holst, and H. Mayer, 2013: Modification of humanbiometeorologically significant radiant flux densities by shading
as local method to mitigate heat stress in summer within urban
street canyons. Adv. Meteor., 2013, 312572, http://dx.doi.org/
10.1155/2013/312572.
——, H. Mayer, and L. Chen, 2016: Contribution of trees and grasslands to the mitigation of human heat stress in a residential district of Freiburg, southwest Germany. Landscape Urban Plan.,
148, 37–50, https://doi.org/10.1016/j.landurbplan.2015.12.004.
Lee, T. M., E. M. Markowitz, P. D. Howe, C.-Y. Ko, and A. A.
Leiserowitz, 2015: Predictors of public climate change
awareness and risk perception around the world. Nat. Climate
Change, 5, 1014–1020, https://doi.org/10.1038/nclimate2728.
Lefevre, C. E., W. Bruine de Bruin, A. L. Taylor, S. Dessai,
S. Kovats, and B. Fischhoff, 2015: Heat protection behaviors
and positive affect about heat during the 2013 heat wave in the
United Kingdom. Soc. Sci. Med., 128, 282–289, https://doi.org/
10.1016/j.socscimed.2015.01.029.
Leiserowitz, A., E. W. Maibach, C. Roser-Renouf, G. Feinberg, and
S. Rosenthal, 2015: Climate change in the American mind:
October 2015. Yale University and George Mason University,
47 pp., accessed 17 January 2018, http://environment.yale.edu/
climate-communication-OFF/files/Climate-Change-AmericanMind-October-2015.pdf.
Lemieux, F., 2014: The impact of a natural disaster on altruistic
behaviour and crime. Disasters, 38, 483–499, https://doi.org/
10.1111/disa.12057.
Lindell, M. K., and S. N. Hwang, 2008: Households’ perceived
personal risk and responses in a multihazard environment. Risk Anal., 28, 539–556, https://doi.org/10.1111/
j.1539-6924.2008.01032.x.
——, and R. W. Perry, 2000: Household adjustment to earthquake
hazard: A review of research. Environ. Behav., 32, 461–501,
https://doi.org/10.1177/00139160021972621.
——, and ——, 2012: The protective action decision model: Theoretical modifications and additional evidence. Risk Anal., 32,
616–632, https://doi.org/10.1111/j.1539-6924.2011.01647.x.
Liss, A., R. Wu, K. K. H. Chui, and E. N. Naumova, 2017: Heatrelated hospitalizations in older adults: An amplified effect of
the first seasonal heatwave. Sci. Rep., 7, 39 581, https://doi.org/
10.1038/srep39581.
Lüdecke, D., 2017: _sjPlot: Data visualization for statistics in
social science. R package, https://CRAN.R-project.org/
package5sjPlot.
McCright, A. M., R. E. Dunlap, and C. Xiao, 2014: The impacts of
temperature anomalies and political orientation on perceived

416

WEATHER, CLIMATE, AND SOCIETY

winter warming. Nat. Climate Change, 4, 1077, https://doi.org/
10.1038/nclimate2443.
Mishra, S., and D. Suar, 2007: Do lessons people learn determine
disaster cognition and preparedness? Psychol. Dev. Soc. J., 19,
143–159, https://doi.org/10.1177/097133360701900201.
——, and S. Mazumdar, 2015: Psychology of disaster preparedness. Ecopsychology, 7, 211–223, https://doi.org/10.1089/
eco.2015.0006.
——, D. Suar, and D. Paton, 2009: Is externality a mediator of
experience–behaviour and information–action hypothesis in
disaster preparedness? J. Pac. Rim Psychol., 3, 11–19, https://
doi.org/10.1375/prp.3.1.11.
Mora, C., and Coauthors, 2017a: Global risk of deadly heat. Nat. Climate Change, 7, 501–506, https://doi.org/10.1038/nclimate3322.
——, C. W. W. Counsell, C. R. Bielecki, and L. V. Louis, 2017b:
Twenty-seven ways a heat wave can kill you: Deadly heat in the
era of climate change. Circ. Cardiovasc. Qual. Outcomes, 10,
e004233, https://doi.org/10.1161/CIRCOUTCOMES.117.004233.
Mulilis, J.-P., T. S. Duval, and R. Rogers, 2003: The effect of a
swarm of local tornados on tornado preparedness: A quasicomparable cohort investigation1. J. Appl. Soc. Psychol., 33,
1716–1725, https://doi.org/10.1111/j.1559-1816.2003.tb01971.x.
NOAA, 2015: State of the climate. National Climate Report—
Annual 2015, National Centers for Environmental Information,
accessed 28 August 28 2018, https://www.ncdc.noaa.gov/sotc/
national/201513.
Norris, F. H., T. Smith, and K. Kaniasty, 1999: Revisiting the
experience–behavior hypothesis: The effects of Hurricane
Hugo on hazard preparedness and other self-protective acts.
Basic Appl. Soc. Psych., 21, 37–47, https://doi.org/10.1207/
s15324834basp2101_4.
Oregon State University, 2017: PRISM climate data. PRISM Climate
Group, accessed 10 February 2017, http://prism.oregonstate.edu.
Palm, R., and M. E. Hodgson, 1992: After a California Earthquake:
Attitude and Behavior Change. University of Chicago Press,
150 pp.
Piliavin, J. A., 2001: Sociology of altruism and prosocial behavior.
International Encyclopedia of the Social and Behavioral Sciences, N. J. Smelser and P. B. Baltes, Eds., Vol. 12, 411–415,
https://doi.org/10.1016/B0-08-043076-7/01826-X.
——, and H.-W. Charng, 1990: Altruism: A review of recent theory
and research. Annu. Rev. Sociol., 16, 27–65, https://doi.org/
10.1146/annurev.so.16.080190.000331.
Poumadère, M., C. Mays, S. Le Mer, and R. Blong, 2005: The
2003 heat wave in France: Dangerous climate change here
and now. Risk Anal., 25, 1483–1494, https://doi.org/10.1111/
j.1539-6924.2005.00694.x.
Reid, C. E., and Coauthors, 2012: Evaluation of a heat vulnerability
index on abnormally hot days: An environmental public
health tracking study. Environ. Health Perspect., 120, 715–720,
https://doi.org/10.1289/ehp.1103766.
Robinson, P. J., 2001: On the definition of a heat wave. J. Appl.
Meteor., 40, 762–775, https://doi.org/10.1175/1520-0450(2001)
040,0762:OTDOAH.2.0.CO;2.
Romero-Lankao, P., S. Hughes, H. Qin, J. Hardoy, A. RosasHuerta, R. Borquez, and A. Lampis, 2014: Scale, urban
risk and adaptation capacity in neighborhoods of Latin
American cities. Habitat Int., 42, 224–235, https://doi.org/
10.1016/j.habitatint.2013.12.008.
Sampson, N. R., and Coauthors, 2013: Staying cool in a changing
climate: Reaching vulnerable populations during heat events.
Global Environ. Change, 23, 475–484, https://doi.org/10.1016/
j.gloenvcha.2012.12.011.

VOLUME 11

Sarofim, M. C., and Coauthors, 2016: Temperature-related death and
illness. The Impacts of Climate Change on Human Health in the
United States: A Scientific Assessment, U.S. Global Change
Research Program, 26 pp., accessed 19 April 2017https://s3.
amazonaws.com/climatehealth2016/high/ClimateHealth2016_
02_Temperature.pdf.
Scolobig, A., B. D. Marchi, and M. Borga, 2012: The missing link
between flood risk awareness and preparedness: Findings
from case studies in an alpine region. Nat. Hazards, 63, 499–
520, https://doi.org/10.1007/s11069-012-0161-1.
Semenza, J. C., D. J. Wilson, J. Parra, B. D. Bontempo, M. Hart,
D. J. Sailor, and L. A. George, 2008: Public perception and
behavior change in relationship to hot weather and air pollution. Environ. Res., 107, 401–411, https://doi.org/10.1016/
j.envres.2008.03.005.
Sharma, U., and A. Patt, 2012: Disaster warning response: The
effects of different types of personal experience. Nat. Hazards,
60, 409–423, https://doi.org/10.1007/s11069-011-0023-2.
Sheridan, S. C., 2007: A survey of public perception and response to
heat warnings across four North American cities: An evaluation of municipal effectiveness. Int. J. Biometeor., 52, 3–15,
https://doi.org/10.1007/s00484-006-0052-9.
——, and M. J. Allen, 2018: Temporal trends in human vulnerability to excessive heat. Environ. Res. Lett., 13, 043001, https://
doi.org/10.1088/1748-9326/aab214.
Siegrist, M., and H. Gutscher, 2006: Flooding risk: A comparison
of lay people’s perceptions and expert’s assessments in
Switzerland. Risk Anal., 26, 971–979, https://doi.org/10.1111/
j.1539-6924.2006.00792.x.
——, and ——, 2008: Natural hazards and motivation for mitigation behavior: People cannot predict the affect evoked by a
severe flood. Risk Anal., 28, 771–778, https://doi.org/10.1111/
j.1539-6924.2008.01049.x.
Silver, A., and J. Andrey, 2014: The influence of previous disaster
experience and sociodemographics on protective behaviors
during two successive tornado events. Wea. Climate Soc., 6,
91–103, https://doi.org/10.1175/WCAS-D-13-00026.1.
Slovic, P., 1987: Perception of risk. Science, 236, 280–285, https://
doi.org/10.1126/science.3563507.
Smith, T. T., B. F. Zaitchik, and J. M. Gohlke, 2013: Heat waves
in the United States: Definitions, patterns and trends.
Climatic Change, 118, 811–825, https://doi.org/10.1007/
s10584-012-0659-2.
Sorenson, J. H., 2000: Hazard warning systems: Review of 20 years
of progress. Nat. Hazards Rev., 1, 119–125, https://doi.org/
10.1061/(ASCE)1527-6988(2000)1:2(119).
Stumpf, K., D. Knuth, D. Kietzmann, and S. Schmidt, 2017:
Adoption of fire prevention measures—Predictors in a representative German sample. Saf. Sci., 94, 94–102, https://doi.org/
10.1016/j.ssci.2016.12.023.
Tan, J., and Coauthors, 2010: The urban heat island and its impact on
heat waves and human health in Shanghai. Int. J. Biometeor.,
54, 75–84, https://doi.org/10.1007/s00484-009-0256-x.
Thornton, P. E., M. M. Thornton, B. W. Mayer, Y. Wei,
R. Devarakonda, R. S. Vose, and R. B. Cook, 2018: Daymet:
Daily surface weather data on a 1-km grid for North America,
version 3. ORNL DAAC, accessed 14 September 2018, https://
doi.org/10.3334/ORNLDAAC/1328.
Vose, R. S., D. R. Easterling, K. E. Kunkel, A. N. LeGrande,
and M. F. Wehner, 2017: Temperature changes in the
United States. U.S. Global Change Research Program,
accessed 17 August 2018, https://science2017.globalchange.gov/
chapter/6/.

APRIL 2019

ESPLIN ET AL.

Wachinger, G., O. Renn, C. Begg, and C. Kuhlicke, 2013: The risk
perception paradox—Implications for governance and communication of natural hazards. Risk Anal., 33, 1049–1065,
https://doi.org/10.1111/j.1539-6924.2012.01942.x.
Wei, B., G. Su, and F. Liu, 2013: Public response to earthquake disaster:
A case study in Yushu Tibetan Autonomous Prefecture. Nat.
Hazards, 69, 441–458, https://doi.org/10.1007/s11069-013-0710-2.
Weinstein, N. D., 1989: Effects of personal experience on selfprotective behavior. Psychol. Bull., 105, 31–50, https://doi.org/
10.1037/0033-2909.105.1.31.
White-Newsome, J. L., B. N. Sánchez, E. A. Parker, J. T. Dvonch,
Z. Zhang, and M. S. O’Neill, 2011: Assessing heat-adaptive
behaviors among older, urban-dwelling adults. Maturitas, 70,
85–91, https://doi.org/10.1016/j.maturitas.2011.06.015.
——, B. Ekwurzel, M. Baer-Schultz, K. L. Ebi, M. S. O’Neill, and G. B.
Anderson, 2014: Survey of county-level heat preparedness and
response to the 2011 summer heat in 30 U.S. states. Environ. Health
Perspect., 122, 573–579, https://doi.org/10.1289/ehp.1306693.
Whitman, S., G. Good, E. R. Donoghue, N. Benbow, W. Shou,
and S. Mou, 1997: Mortality in Chicago attributed to the July
1995 heat wave. Amer. J. Public Health, 87, 1515–1518,
https://doi.org/10.2105/AJPH.87.9.1515.

417

Wilhelmi, O. V., and M. H. Hayden, 2010: Connecting people and
place: A new framework for reducing urban vulnerability to
extreme heat. Environ. Res. Lett., 5, 014021, https://doi.org/
10.1088/1748-9326/5/1/014021.
Wolf, J., W. N. Adger, and I. Lorenzoni, 2010a: Heat waves and
cold spells: An analysis of policy response and perceptions of
vulnerable populations in the UK. Environ. Plann., 42A,
2721–2734, https://doi.org/10.1068/a42503.
——, ——, ——, V. Abrahamson, and R. Raine, 2010b: Social
capital, individual responses to heat waves and climate
change adaptation: An empirical study of two UK cities. Global Environ. Change, 20, 44–52, https://doi.org/
10.1016/j.gloenvcha.2009.09.004.
Zaalberg, R., C. Midden, A. Meijnders, and T. McCalley, 2009:
Prevention, adaptation, and threat denial: Flooding experiences in the Netherlands. Risk Anal., 29, 1759–1778, https://
doi.org/10.1111/j.1539-6924.2009.01316.x.
Zografos, C., I. Anguelovski, and M. Grigorova, 2016: When exposure to climate change is not enough: Exploring heatwave
adaptive capacity of a multi-ethnic, low-income urban community in Australia. Urban Climate, 17, 248–265, https://doi.org/
10.1016/j.uclim.2016.06.003.

